Infection with human immunodeficiency virus type 1 (HIV) is associated with gradual CD4 T-cell loss in the peripheral blood, systemic immune activation, and an increased risk of opportunistic infections and cancers. There is more rapid and profound CD4 T-cell loss within the gut mucosa, which impairs the gut mucosal barrier, causing microbial translocation and systemic immune activation [1, 2] . CD4 depletion is also apparent within the female genital tract mucosa [3, 4] , which may increase susceptibility to genital infections such as herpes, candidiasis, and human papillomavirus (HPV).
Male circumcision reduces HIV incidence by 50%-60% [5] [6] [7] and HPV and herpes simplex virus 2 (HSV-2) to a lesser degree [8] , suggesting that the foreskin is a major site of acquisition for these infections in heterosexual, uncircumcised men. While the immune defenses of the foreskin are poorly understood, normal adult foreskin contains numerous T cells and dendritic cells [9] , with enrichment of T-cell subsets such as T-helper 17 (Th17) cells [10] that have important antibacterial and antifungal functions. The effect of HIV on these functional T-cell subsets is not known.
HIV-infected men are more susceptible to HSV-2 infection and reactivation [11] [12] [13] . In addition, HIV-infected women have an increased incidence of HPV, gonorrhea, chancroid, candidiasis, and trichomoniasis [11, [14] [15] [16] [17] , and demonstrate delayed HPV clearance [18] . This increased rate of genital coinfections has important implications for the sexual health of HIV-infected individuals, and the resulting local inflammation may also increase HIV shedding and the likelihood of HIV transmission to sexual partner(s) [19] [20] [21] [22] [23] [24] [25] [26] [27] .
We hypothesized that the increased susceptibility to foreskinacquired infections in HIV-infected men might be caused by HIV-induced immune changes in the foreskin, particularly the loss of CD4 T cell subsets such as Th17 cells. In order to investigate this hypothesis, we collected blood and foreskin tissue from adult men undergoing elective, male circumcision at the Rakai Health Science Program (Uganda), and used flow cytometry and immunohistochemistry to determine whether HIV infection was associated with alterations in foreskin T-cell populations.
METHODS

Study Participants
Participants consisted of 90 men recruited from an established community cohort in Rakai, Uganda [28] who elected to undergo adult circumcision at the Rakai Health Sciences Program in Kalisizo, Uganda. If urethral discharge or genital ulceration was present, surgery was deferred until treatment was completed and symptoms resolved. Participants were offered voluntary HIV counseling and testing, and HIV-infected men were referred to the Rakai Health Sciences HIV care and treatment program. HIV-exposed seronegative men who reported regular unprotected sex with an HIV-infected woman were excluded from this analysis to avoid any potential bias due to mucosal immune differences in this population [29] . All participants provided written informed consent, and ethical approval was obtained through the Institutional Review Boards at the University of Toronto, Uganda Virus Research Institute, Karolinska Institute, and from Western Institutional Review Board. All assays were performed by lab personnel blinded to participant HIV status, and all assays were performed on each foreskin sample collected (n = 90 throughout all analyses).
Sample Collection and Diagnostic Testing
Prior to surgery, a clinical officer administered a behavioral questionnaire, performed a physical examination, and collected blood (ethylenediaminetetraacetic acid anticoagulant) and a subpreputial swab. Swabs were collected using a FLOQswab (COPAN Diagnostics, Murrieta, CA) by the same medical officers throughout the study in a consistent manner, then resuspended in 1 mL AMPLICOR STD Specimen Transport Kit medium (Roche Diagnostic Systems, Branchburg, NJ) and cryopreserved at −80°C.
One HIV-uninfected participant was found to have genital ulceration, and surgery was deferred until symptoms were resolved (3 weeks). Foreskins were processed immediately upon surgical removal: 2 sections snap-frozen in Optimal Cutting Temperature (OCT) compound (Fisher Scientific, Toronto, Canada) for immunohistochemistry, 2 sections placed in RNAlater (Applied Biosystems, Carlsbad, CA) at 4°C overnight before storage at −80°C for polymerase chain reaction (PCR) analysis, and 1 large section collected for T-cell isolation [30] .
All diagnostics were performed at the Rakai Health Sciences Program by members of the Genital Immunology Research Group. HIV serology was performed on the day of surgery using 2 enzyme-linked immunosorbent assays (Murex HIV-1.2.O, Abbott, Abbott Park, IL; and Vironistika HIV Uni-Form II plus O Mircoelisa System, bioMerieux; Marcy l'Etoile, France) and discordant results confirmed by Western blot (GS HIV-1 Western Blot, BioRad; Hercules, CA). All participants were also screened for plasma HIV-1 RNA by PCR. RNA was extracted using the Abbott Sample Preparation System, amplified using the Real Time HIV-1 Amplification Reagent Kit (Abbott), and run on the M2000rt RealTime System (Abbott). CD4 counts were performed using Tritest Reagent in combination with Trucount Tubes and analyzed on a FACSCalibur (BD Biosciences, San Jose, CA). HSV-2 serology (Herpes Simplex Type 2 IgG ELISA, Kalon Biological Ltd., Guildford, UK) used cutoffs previously validated in Rakai [30] .
T-cell Isolation From the Foreskin and Blood
Foreskins and blood were processed for flow cytometry within 15 minutes of surgery. T cells were isolated by tissue disruption with a combination of mechanical and enzymatic digestion as described, the resulting cell suspension filtered to remove undigested tissue, and cells rested (37°C, 5% CO 2 ) for 3-7 hours. Peripheral blood mononuclear cells (PBMCs) were isolated by density gradient centrifugation (Ficoll-Paque Plus; Amersham Biosciences; Uppsala, Sweden).
Characterization of T-cell Subsets
Flow cytometry characterization was performed immediately using fresh cells (without cryopreservation) at the Rakai Health Sciences Program. PBMC and foreskin mononuclear cell counts were determined by trypan blue exclusion. Amounts of 1 × 10 6 PBMCs and 10-20 × 10 6 foreskin mononuclear cells (depending on yield) were plated in 500-µL culture medium with 5 µg/mL Brefeldin A (GolgiPlug, BD Biosciences) and stimulated with either: 1 ng/mL phorbol-12-myristate-13-acetate (PMA) and 1 µg/ mL ionomycin (Sigma; St. Louis, MO), 102 µg/mL HIV peptides, or vehicle (0.1% dimethylsulfoxide). HIV peptides consisted of a pool of 51 predefined epitopes (9-11 amino acids; JPT Peptide Technologies, Berlin, Germany) from a variety of HIV genes, often conserved across clades A-D and shown to be highly antigenic in an East African population [31] . After stimulation, samples were washed with cold 2% fetal bovine serum (FBS) in PBS and stained for CD3 (UCHT1), CD4 (RPA-T4), CD8 (SK1), C-C chemokine receptor type 5 (CCR5) (2D7/CCR5), and CD25 (M-A251; all BD Biosciences). Samples for intracellular staining were permeabilized using either the eBioscience fixation/permeabilization solution for forkhead box P3 (FoxP3) staining (eBiosciences; San Diego, CA) or the BD Cytofix/Cytoperm solution (BD Biosciences). Cells were then stained for tumor necrosis factor α (TNFα) (MAb11; BD Biosciences), interferon (INγ) (B27; BD Biosciences), interleukin (IL) 17a (eBio64DEC17; eBioscience), IL22 (22URTI; eBioscience), and FoxP3 (PCH101; eBioscience). Samples were using the FACSCalibur platform (BD Biosciences) as described [30] .
CD3 Density Quantification by Immunohistochemistry
To express flow cytometry-derived T-cell proportions as absolute numbers (T cells per mm 2 of tissue), 2 sections of foreskin were stained for CD3 by immunohistochemistry at the University of Toronto, after OCT-cryopreservation, sectioning, and blocking as previously described [29] . Sections were stained with anti-CD3 antibody (Vector Labs), followed by biotinlabeled secondary and Alkaline Phosphatase Streptavidin Labeling Reagent (all Vector Labs). foreskin tissue was analyzed per patient. Whole sections were scanned using the TissueScope 4000 (Huron Technologies, Waterloo, Canada), and image analysis software (Definiens, München, Germany) was used to delineate the apical edge of the epidermis to a depth of 300 µm (excluding artifacts or folds). CD3 cells in this area were manually counted by an investigator blinded to HIV status. A CD3-positive cell was defined as hematoxylin staining overlapping with, or directly adjacent to, Vector Red staining.
Detection and Quantification of mRNA
Detection and quantification of mRNA was performed at the Karolinska Institute [9] . Foreskin samples were disrupted in lysis buffer using a mechanical rotor; RNA was extracted using an RNeasy kit (QIAgen; Hilden, Germany) and converted to cDNA in a single reverse-transcriptase reaction using superscript reverse transcriptase (Invitrogen, Carlsbad, CA) and random hexanucleotide primers (Roche, Basel, Switzerland). Amplification of ubiquitin C, CD3, CD4, and CD8 cDNA was performed using the ABI PRISM 7700 sequence detection system and FAM-labeled TaqMan MGB probes and primers (Applied Biosystems, Foster City, CA). Each sample was run in triplicate. Relative quantity of target cDNA was computed using the comparative threshold (Ct) method [32] . Ct values for target cDNA were normalized to ubiquitin C using the normalized expression ratio 2 −dCT , so that amounts are described as a relative quantity to ubiquitin C.
Cytokine and Chemokine Analysis of Subpreputial Swabs
Subpreputial swabs were assayed for cytokine levels using an electrochemiluminescent detection system at the University of Toronto. A custom Human Ultra-Sensitive 7-spot kit from Meso Scale Discovery (Rockville, MD) was designed to assess the following analytes: IL-1α (interleukin-1α); IL-8, monocyte chemotactic protein-1 (MCP-1); macrophage-derived chemokine (MDC); monokine induced by γ-interferon (MIG); macrophage inflammatory protein-3α (MIP-3α), and regulated on activation, normal T cell expressed and secreted (RANTES). Due to low chemokine concentrations in subpreputial swabs, only levels of IL-8 were quantifiable in >2/3 of men, so cytokines other than IL-8 were treated as a binary outcome.
Statistical Analysis
T-cell populations and levels of mRNA and IL-8 were compared between HIV-infected and negative men by Mann-Whitney U test. Variables found to be associated (P < .1) with HSV-2 status [34] or condom use were controlled for by multivariate general linear regression and adjusted P values are reported. Proportions of men with HIV-specific CD8 T cell responses and detectable MCP-1, MIG, and RANTES were compared by Fisher's exact test; differences in the magnitude of HIV-specific response between blood and foreskin CD8 T cells were determined using paired Wilcoxon signed rank test. Statistical tests were run using SPSS v.20.0 for Mac (IBM; New York, NY). Flow cytometry data was analyzed in FlowJo v.9.5.2 (Treestar; Ashland, OR) and Excel v.12.3.5 (Microsoft; Redmond, WA) prior to statistical testing.
RESULTS
Study Population
Participants consisted of men with prevalent HIV infection (n = 20) and HIV-uninfected men (n = 70) from Rakai, Uganda, who were undergoing elective male circumcision. HIV-infected men had a mean viral load of 30 690 copies/mL (range 0-335 900 copies/mL) and a mean peripheral blood CD4 T cell count of 409 cells/cm 3 (range 6-935 cells/cm 3 ). HIV-infected men were more likely to be coinfected with HSV-2 than HIVuninfected men (90% vs 35%; P < .001; Table 1) , and all subsequent immune analyses were controlled for HSV-2 status.
Foreskin CD4 and CD8 T-cell Proportions
In HIV-uninfected participants, the blood T-cell CD4/CD8 ratio was 2.2 (64.9% CD4 vs 30.1% CD8), while the foreskin had a higher proportion of CD8 T cells, resulting in a ratio of 1.5 (51.7% CD4 vs 34.0% CD8; P < .001 vs blood; Figure 1A and B). In HIV-infected individuals, the CD4:CD8 T-cell ratio was significantly lower in both the blood (0.6 in HIV-infected men vs 2.2 in HIV-uninfected men; P < .001) and the foreskin (0.3 vs 1.5; P < .001). While the decreased CD4:CD8 ratio in the blood of HIV-infected individuals was due to both an increase in CD8 T-cell numbers and a loss of CD4 T cells (absolute count 409.0 vs 877.8 CD4 T cells/µL blood, in HIV+ vs HIV−; P < .001, Figure 1D ), in the foreskin the reduced ratio was driven solely by an increase in the absolute number of CD8 T cells. HIV-infected men had over 4-fold more CD8 T cells/mm 2 of foreskin tissue (108.8 vs 23.1/mm 2 ; P < .001; Figure 1C ), with no reduction in the absolute number of CD4 T cells (43.0 vs 33.7/mm 2 ; P = .67). This was observed in conjunction with increased levels of chemokines in the subpreputial space; HIV-infected men had increased level of IL-8 (97.1 vs 18.8 pg/mL; P = .04; Figure 1F ) and were more likely to have detectable MIG (85.0% vs 54.3% of men; P = .002; Figure 1G ) than HIV-uninfected men. Frequency of detection of MCP-1 and RANTES did not differ between HIV-infected and uninfected men. IL-1α, MDC, and MIP-3α were not detected in subpreputial swabs.
Tissue levels of CD3, CD4, and CD8 mRNA were then quantified by PCR in corresponding foreskin biopsies ( Figure 1E ). Confirming our flow cytometry and immunohistochemistry results, we found no change in expression of CD4 mRNA in the foreskins of HIV-infected men, but instead an increase in the expression of both CD3 (8.0 × 10 −3 vs 5.6 × 10 −3 relative quantity; P = .047) and CD8 (17.
CD4 T-cell Subsets in the Foreskin
We next assessed the impact of HIV infection on the frequency of CCR5 expression, Th17 cells, and T regulatory cells (Tregs) in the blood and foreskin. The relative proportion of each CD4 T-cell type was determined using flow cytometry, and these proportions were converted to absolute numbers using either the blood CD4 T-cell count or the foreskin CD3 + cell density measured by immunohistochemistry. After controlling for HSV-2 status, there were no differences in the proportion (Figure 2A ) or absolute number ( Figure 2B ) of foreskin CD4 T cells expressing CCR5. There were also no changes in the proportion of blood CD4 T cells expressing CCR5 in HIV-infected men (Figure 2A ). However, due to the overall depletion of CD4 T cells from the blood, the absolute number of CCR5 + CD4 T cells in the blood of HIV-infected men was decreased (25.7 vs 72.6 cells/µL; P = .001; Figure 2B ). Th17 cells were defined as CD4 T cells producing the cytokine IL17a in response to mitogen stimulation. HIV infection was not associated with any alteration in the proportion of Th17 cells in either the foreskin or the blood ( Figure 2C) ; the absolute number of Th17 cells was significantly decreased in the blood (15.2 vs 30.9 cells/µL; P = .019) but not the foreskin (2.61 vs 2.71 cells/mm 2 ; P = .694) of HIV-infected men ( Figure 2D ). Tregs were defined as CD4 T cells coexpressing CD25 and the transcription factor FoxP3. While the proportion of Tregs was increased in the blood of HIV-infected men (4.7% vs 3.5%; P = .041; Figure 2E ), the absolute number of Tregs/µL was decreased in HIV-infected men (16.4 vs 30.3 cells/µL; P = .003; Figure 2F ). There were no HIV-associated alterations in either the proportion or absolute number of Tregs in the foreskin ( Figure 2E and 2F) .
HIV Status and CD8 T-cell Cytokine Production in the Foreskin
We next measured the proportion and absolute number of CD8 T cells producing the cytokines TNFα and interferon γ (IFNγ) in the blood and foreskin after mitogen (PMA-ionomycin) stimulation ( Figure 3 ). Compared to HIV-uninfected men, the foreskins of HIV-infected men had a greater proportion of CD8 T cells that produced only IFNγ (16.6% vs 9.4%; P < .001), while the proportions of CD8 T cells producing both TNFα and IFNγ (bifunctional cells, 26.5% vs 35.0%; P = .014), or only TNFα (3.3% vs 7.3%; P < .001; Figure 3A) , were reduced. Therefore, this increase in foreskin CD8 T cell IFNγ monoproduction was driven by a decrease in the proportion of cells able to produce TNFα, as opposed to a gain in IFNγ production: when bifunctional cells were included, there was no overall increase in the proportion of cells producing IFNγ, but instead a decrease in the proportion of cells producing TNFα (31.2% vs 47.6%; P < .001; Figure 3C ). However, despite this proportionate reduction in TNFα production, the increased CD8 T-cell infiltration in the . Foreskin tissue quantities of T-cell markers were confirmed with PCR (E ). Chemokine levels in the subpreputial space were assayed using a multiplex immunoassay system: IL-8 (F ) was quantifiable in all swabs and was treated as a continuous outcome; detection of MIG, MCP-1, and RANTES was variable, and therefore presence of the chemokine was compared between HIV-infected and uninfected men (G). Statistical comparisons made by Mann-Whitney U test; CD3, CD4, and CD8 T-cell densities controlled for HSV-2 status by multivariate general linear regression and adjusted P values are reported. Abbreviations: HIV, human immunodeficiency virus; HSV-2, herpes simplex virus 2; IL-8, interleukin 8; MCP-1, monocyte chemotactic protein-1; MIG, monokine induced by γ-interferon, PCR, polymerase chain reaction; RANTES, regulated on activation, normal T cell expressed and secreted.
foreskin of HIV-infected men meant that there was actually an increase in the absolute number of foreskin CD8 T cells producing TNFα/µL (4.8 vs 1.5 cells/µL; P = .014; Figure 3D ).
HIV-Specific CD8 + T-cell Responses in the Foreskin
Blood and foreskin cell suspensions were stimulated with a pool of optimized HIV class I epitope peptides previously shown to be highly antigenic in a cohort of East African women [31] , and TNFα and IFNγ production were measured by flow cytometry. A positive HIV-specific response was defined as: (1) ≥0.3% of CD8 T cells producing either TNFα or IFNγ in response to HIV peptides, and (2) a percentage of CD8 T cells producing cytokine after peptide stimulation that exceeded the vehicle-only control by at least 3-fold. HIV-specific CD8 T-cell responses were present in both the blood and foreskin of a large proportion of HIV-infected men. Figure 2 . CD4 T-cell subsets in the blood and foreskin of HIV-infected ( ) and uninfected ( ) men. Tregs were defined as CD4 T cells coexpressing CD25 and FoxP3; Th17 cells were defined as CD4 T cells producing IL17a in response to PMA and ionomycin stimulation; CCR5 + cells were CD4 T cells expressing the HIV-coreceptor CCR5. The proportion of CD4 T cells that were Tregs (A), Th17 cells (B), or expressed CCR5 (C) were measured using flow cytometry. Proportions were converted into absolute numbers of each cell type (B, D, E ) using either the CD3 T-cell density obtained through immunohistochemistry (for foreskin tissue) or clinical CD4 counts (for blood). Statistical comparisons made by Mann-Whitney U test; CCR5 + T-cell proportions and densities controlled for HSV-2 using multivariate general linear regression and adjusted P values are reported. Abbreviations: CCR5, C-C chemokine receptor type 5; FoxP3, forkhead box P3; HIV, human immunodeficiency virus; HSV-2, herpes simplex virus 2; IL-17a, interleukin 17a; PMA, phorbol-12-myristate-13-acetate; Th17, T-helper 17; Tregs, T regulatory cells.
However, while HIV-specific CD8 T cells in the blood produced both IFNγ (60% HIV+ men vs 7.1% HIV− men; P < .001) and TNFα (34% HIV+ men vs 8.6% HIV− men; P = .007; Figure 4A ), HIV-specific CD8 T cells in the foreskin produced IFNγ almost exclusively (40.0% HIV+ men vs 10.0% HIV− men; P = .004; Figure 4B ). HIV-specific TNFα responses in the foreskin were very infrequent, and their frequency did not differ from HIV-uninfected men (5.0% vs 2.9%; Figure 4B ).
Foreskin HIV-specific CD8 T-cell responses were both less frequent and of a smaller magnitude than blood responses. The proportion of HIV-infected men with a response detected in the foreskin was lower than that with a response in the blood (40.0% vs 60.0%; P = .005; Figure 4C ). Furthermore, of those men who did have an HIV-specific CD8 T-cell response in the foreskin, the strength of the response (% of total CD8 T cells) was lower than that in the blood (median difference between foreskin and blood, −0.7%; P = .006; Figure 4D ).
DISCUSSION
We demonstrate that HIV infection was associated with a 4-fold increase in the tissue density of CD8 T cells in the foreskin, with no reduction in the density of CD4 T cells. The proportion of CD8 T cells in the foreskin that were able to produce TNFα was decreased during HIV infection, leading to a functional skewing from bifunctional cells able to produce both TNFα and IFNγ, toward IFNγ monoproduction. While HIV-specific CD8 T cells were readily detected in the foreskin tissue of HIV-infected men, the frequency, functional diversity, and magnitude of foreskin HIV-specific responses were lower than in blood.
Maintenance of CD4 T-cell numbers in foreskin tissue during HIV infection despite a substantial reduction in absolute blood CD4 counts was in contrast to mucosal pathogenesis in the cervix of HIV-infected women, where significant CD4 depletion was observed in some [3, 33] but not all [35] studies. Previous studies in the foreskin showed that monoinfection by HIV (ie, without HSV-2) was associated with a loss of CD4 + cells from the foreskin, but that no CD4 + loss was observed in men coinfected with both HIV and HSV-2 [36] . This may be because the host immune response against HSV-2 is characterized by long-lasting mucosal infiltration with antigen-specific CD4 + T cells [37] . Because the great majority of HIV-infected men in our study were coinfected by HSV-2, this limited our ability to assess the impact of HIV monoinfection on foreskin CD4 T-cell numbers. However, we found no HSV-2-associated increase in CD4 T-cell density among HIV-uninfected controls, and point estimates of outcomes were similar after stratification for HSV-2 infection status (significance unaltered by stratification, data not shown). In contrast to HIV mucosal pathogenesis in the gastrointestinal tract [38] , we did not observe any HIV-associated loss of CCR5 + CD4 T cells or Th17 cells from the foreskin. Sexual transmission of HIV occurs almost exclusively through R5-tropic viral strains [39] , and Th17 cells are highly susceptible to HIV infection in vitro [40, 41] . This raises the intriguing possibility that the maintenance of highly HIV-susceptible CCR5 + CD4 T cells and Th17 cells in the foreskin of HIV-infected men may permit HIV superinfection, something observed with relatively high frequency in this population-based cohort [42] . Superinfection might also be aided by the fact that virus-specific CD8 T-cell responses were reduced in frequency in the foreskin of HIV-infected men, as has been observed in the female genital mucosa [33, 43] , and had a functional profile that was skewed toward IFNγ monoproduction.
HIV infection was both associated with an increased tissue density of CD8 T cells in the foreskin, and with changes in the quality of their cytokine production. Specifically, the proportion of CD8 T cells producing TNFα was significantly decreased, as was the proportion of CD8 T cells producing only TNFα, and of bifunctional cells producing both TNFα and IFNγ. Because TNFα production is a key component of the host immune response to several genital infections (including HSV-2 [44] , syphilis [45] , and gonorrhea [46, 47] ), this may impair immune responses to these pathogens and contribute to their increased incidence (syphilis, gonorrhea, HPV), duration (HPV), and/or recurrence (HSV-2) in HIV-infected men.
Whether the T-cell alterations that we observed in the foreskin of HIV-infected men are causally related to a subsequent increase in the risk of genital infections or HIV superinfection cannot be determined in observational studies. Animal models and/or ex vivo foreskin explant models may be useful ways to explore the direction of causality in the future. In addition, our Figure 4 . HIV-specific CD8 T-cell responses in the blood and foreskin. CD8 T cells isolated from foreskin tissue or blood were challenged with a pool of cross-clade HIV peptides previously shown to be highly antigenic in an East African population. TNFα and IFNγ production by CD8 T cells was measured by flow cytometry; an HIV-specific response was defined as cytokine production 3 times greater than that observed in unstimulated cells, and a minimum of 0.3% of cells responding (shown in black). The proportion of men with HIV-specific cytokine production in the blood (A) and foreskin (B) is shown (Fisher exact test). Panel (C) compares the proportion of men with a blood-versus-foreskin IFNγ response (Fisher exact test). Among HIV-infected men who had an HIV-specific response, panel (D) compares the percentage of CD8 T cells that were HIV-specific in the blood and foreskin (Wilcoxon signed rank test). Abbreviations: HIV, human immunodeficiency virus; IFNγ, interferon γ; TNFα, tumor necrosis factor α.
onsite FACSCaliber flow cytometer only permits the measurement of 4 immune parameters, which limited our capacity to assess T-cell polyfunction (such as production of additional cytokines, including IL-2, MIP-1β, or perforin). Based on the importance of T-cell polyfunctionality in HIV disease progression [48] , future studies are warranted to explore these T-cell functions in the foreskin.
In conclusion, we found that foreskin CD4 T-cell numbers, including Th17 cells and CCR5 + CD4 T-cell subsets, were maintained during HIV infection, while overall foreskin CD8 T-cell numbers were increased. However, a reduced functional capacity in both bulk and HIV-specific CD8 + T cells in the foreskin may impair local immune defenses against genital coinfections and HIV superinfection.
Notes
